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BEDDING THRUSTS AND OTHER STRUCTURAL FEATURES IN CROSS SECTION
through L ittle mountains11 along Catskill creek,
(AUSTIN GLEN AND LEEDS GORGE), WEST OF Catskill NEW YORK
fry
John E. Sanders —^
Barnard College 
Columbia University 
New York, N. Y. 10027
INTRODUCTION
The valley of Catskill Creek, a tributary of the Hudson River, cuts 
a transverse section through the numerous folds and faults of the Hudson 
Valley’s miniature Appalachian Valley and Ridge Province, which W, M 0 
Davis (1882) termed "The Little Mountains east of the Catskills*" This 
transverse section extends from Jefferson Heights, Catskill, on the 
southeast (NE part of the Cementon 7 1/2-minute quadrangle; the NW 
quarter of the Catskill 15-minute quadrangle), to Leeds, on the northwest 
(SE part of Leeds-7 1/2-rninute quadrangle; the SW quarter of the Coxsackie 
15-minute quadrangle). The exposures along Catskill Creek in Austin Glen 
and Leeds Gorge illustrate many facets of Appalachian stratigraphy, Sedi­
mentology, and structural geology.
This excursion is intended to display the sedimentary features of 
the units, particularly those of the Austin Glen Member of the Norman­
skill Formation, and the geologic structure. The "Little Mountains" are
a classic area. Their strata and fossils are continually being renamed
to keep them "up to date" as revisions and detailed studies occur, but in 
general no correspondingly extensive up-to-date geologic mapping has been 
carried out to keep their structural interpretations abreast of modern 
knowledge and of the new 7 1/2-minute topographic quadrangle maps® The
present writer’s reasons for conducting this trip and for preparing this
guidebook are: (1) Austin Glen and Leeds Gorge are among the writer’s
favorite places, both scenically and geologically; (2) the strata are 
well exposed and illustrate the contrasting products of deposition, in 
waters of various depths in the Paleozoic seas, of noncalcareous flysch 
on the one hand and of calcareous nonflysch strata on the other; (3) the 
information, recently exposed in roadcuts, about the geometry of the bedding 
thrusts suggests that certain currently fashionable ideas favoring the 
"Acadian" age of the deformation of the Silurian and Devonian strata in 
the Hudson Valley should be discarded in favor of the earlier, now out-of- 
fashion interpretation that the deformation belongs with the terminal




Appalachian orogeny (dated only within the interval mid-Permian to Late 
Triassic); and (4) the recent study by E. A. Babcock 5th has contributed 
new information on the relationships among folds, cleavage, and fractures.
Although the excursion will not attempt to examine all the evidence 
on the subject, this guidebook article will discuss the "Little Mountains" 
as an example of the dying out of the Appalachian folds, both to the north 
and to the west; of the effects of the competency of the strata on the 
sizes of foldsj and of the structural effects of thickness of sedimentary 
cover above the "rigid" basement. In addition, this article will comment 
on the Ruedemann -Ulrich relationship with regard to the'*Normanskill prob­
lem," which for more than half a century has served as a complicating 
factor in the interpretation of Hudson Valley stratigraphy and structures.
GEOLOGIC FORMATIONS
The geologic formations in Austin Glen (Table 1) are entirely sedi­
mentary and range in age from medial Ordovician (Austin Glen Member of 
Normanskill Formation) to medial Devonian (Onondaga Formation). These 
geologic formations fall naturally into 2 groups: (1) an older, non­
calcareous, graded graywacke-siItstone complex of Mid-Ordovician age, 
whose chief fossils are graptolites, and whose strata have not been sub­
divided but are all included within the Austin Glen Member of the Norman­
skill Formation; and (2) a Silurian-Devonian succession, including many 
kinds of carbonate rocks and siltstones, containing abundant brachiopods, 
and whose strata have been extensively subdivided into numerous forma­
tions and members (Table 1).
Although in Austin Glen a noteworthy hiatus exists at the contact 
between the Upper Silurian Rondout Dolostone and the underlying Middle 
Ordovician Austin Glen Member of the Normanskill Formation, the strata 
of these two units in valleyside exposures are parallel. In Catskill 
Creek at low water, however, Chadwick (1913) reported that these forma­
tions are in angular unconformity, only a few kilometers from Austin 
Glen the Upper Silurian strata likewise rest with profound angular uncon­
formity on the Ordovician or older rocks (Schuchert and Longwell 1932; 
Chadwick and Kay, 1933).
Stratigraphy
This section on stratigraphy will concern the names of the formations, 
their thicknesses, and the general characteristics of the rocks. The 
details of sedimentary structures and interpretations of environment of 
origin are contained under the heading of Sedimentology.
Austin Glen Member of Normanskill Formation
Austin Glen is the type locality for the Austin Glen member of the 
Normanskill Formation (Ruedemann, 1942). Although these strata are well
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Table 1. Formations of the f,Little Mountains11 near Catskill Creek, Austin 
Glen to Leeds Gorge, based on published sources and original observations* 
€)nondaga, after Oliver, 1962; Schoharie, after Johnsen and Southard, 1962;






254- Top not exposed; Ls*, fine 
gr, med dk gray; abundant 
dark gray chert; corals & 
bryozoans common; also 
brachiopods and other fossils
Lower
unit
12 lightLimestone, medium, 
to med gray; no chert; 
corals common; other fossils 
present.
Nedrow 4 Limestone, med. gr; light 
to med gray; a few chert 
nodules; platyceratids, 
corals, and brachiopods; 
transitional to Moorehouse
39 Limestone, med to cs* and 
fn gr; light to med gray; 
abundant light to med gray 
chert; platyceratids, corals, 
and brachiopods.
Edgecliff 32 cs-gr;Limestone, med and 
light to med and light gray; 
abundant light to med. gray 
chert; large crinoid column­
als common; also corals and 
brachiopods.
3 Limestone, fine gr; med gray; 





Limestone and gritty lime­
stone alternating.
Limestones; interbedded 




Schoharie Aquetuck 40 Mudstone, calcareous, dark gray, weathering yellowish- 
brown; uppermost 3 ft,
sandy and glauconitic; in­





tinct layers of dark-weather­




Mudstone, calcareous, dark 
, weathering yellowish- 
brown and yellowish-gray; 
includes interbeds that are 
slightly limier than the 
mudstone and weather lighter; 
at both base and top are 
layers of glauconite and
5 ft above basequartz sand;




200 Siltstone, dk gray to black; 
noncalcareous; massive; well-
developed slaty cleavag 
breaks into small chips; 
generally lacking fossils.
Glenerie 20 3edded chert, dark gray 
siliceous limestone, and 
shale; profusely fossili­
ferous, with silicified 
fossils locally present in 
brownish weathering residue.
Port Ewen 6 to 7 Limestones, argillaceous, 
med. gray; weathering brown; 
resembles New Scotland Forma 
tion.
Alsen 32 fn to med errO 1- )Limestone,
med bedded; with black chert 
in nodules and beds.
Becraft 46 Limestone, cs gr, med to 
thick beds; interbedded green 
shale seams in lower part; 
rare chert; weathers much
whiter than adiacent units.
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New Scotland Formation 98 Limestones, very argillaceous, 
shaly weathering, interbedded 
with dark gray calcareous 
shales; scattered chert 





Kalkberg Formation 54 Limestones, med gr, massive, 
cherty, with abundant 
crinoidal remains, bryozoans, 
and brachiopods; Dicoelosia 
(formerly "Bilobites") occurs 
beneath Thruway bridge about 
12 ft below top; base drawn 
at lowest continuous chert 
layer.
Coeymans Ravena 14 Limestones,roed to cs gr, 






Limestones, fn to med gr, 
dark blue.
Stromatoporoid biostrome 
Limestones, fn gr. 
Stromatoporoid biostrome
Limestones, dark blue,




Dolostones, fn gr, silty, 
thin bedded, weatherin
buff; some shale interbeds.
Normanskill Austin Glen 265 Interbedded gray siltstones 
and graded graywacke beds 
ranging in thickness from 
a few cm to many meters; 
graptolites abundant in 
some graded beds.
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exposed in the glen, because only a small part of the total thickness is 
exposed and the basal contact is not visible, by modern standards, the 
choice of this place for a type locality is not satisfactory.
Estimates of the thickness of the Austin Glen Member range from 500* 
feet (Ruedemann, 1942, p. 107)to 1200* (Johnsen and Schaffel, 1967, p. B17). 
The thickness may be much more than this but has never been satisfactorily 
determined. Only the upper 265 feet (present author's measurement by tape 
and compass) are exposed in Austin Glen.
. The chief point of stratigraphic interest attached to the Normanskill 
Formation is the controversy over its age and its association with the 
carbonate rocks of Ordovician age, which in various parts of the Hudson- 
Champlain Valleys were deposited contemporaneously with the Normanskill.
In tl\e area around Austin Glen ho carbonate rocks of Ordovician age are 
exposed. Consequently the local exposures do not present the problem of 
determining the relationship between the Cambro-Ordovician carbonate rocks 
and the essentially noncarbonate Cambro-Ordovician terrigenous strata, a 
problem that must be confronted in numerous other localities in the Hudson 
Valley. This, the so-called "Taconic problem," has been a cause cdl&bre 
in American geology for 125 years. The problem now appears to have been 
solved (Zen, 1961, 1963, 1967; Sanders, Platt, and Powers, 1961; Platt,
1962; Theokritoff, 1964; Bird, in press). But, one of the reasons why it 
defied solution for so long was the controversy over the age of the 
Normanskill graptolite fauna. A short digression on the byplay that 
occurred between Rudolf Ruedemann and E. 0. Ulrich on the subject of the 
correlation of the Normanskill is valuable in that it explains why progress 
in understanding the geologic relationships in the Hudson Valley was 
blocked for more than half a century.
When Ruedemann (1901a) first described the Normanskill fauna, he 
suggested that its age was Late Trentonian (in older sense; not Late 
Trentonian of G. A. Cooper, 1956). Ruedemann1s reasoning was based on 
fossiliferous limestone pebbles in the Rysedorph Hill Conglomerate 
(Ruedemann, 1901b); some of these pebbles contain early Trentonian fossils. 
Because the Rysedorph Hill Conglomerate is intercalated within the Norman­
skill Formation, Ruedemann (1901b) concluded that the age of the Normanskill 
is post-lower Trenton. This conclusion brought Ruedemann afoul of Ulrich, 
whose stratigraphic interpretations were based on what Ulrich thought were
well-established relationships among the Ordovician strata of northeastern 
Tennessee.
One of the correlations between New York and Tennessee upon which 
agreement was general is that the Normanskill fauna of New York occurs 
as well in the Athens Shale in the Appalachian Valley of northeast 
Tennessee. According to Ulrich’s interpretation of the stratigraphic 
relationships in northeast Tennessee, the Athens Shale underlies a lime­
stone which Ulrich took to be the same age as the New York Lowville. The 
New York Lowville is of pre-Trenton age; any unit that was pre-Lowville,
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therefore, was not only prc-Trentonian but also must be of Chazyan age, 
the same age as the Chazy Limestone underlying the New York Lowville.
By this circuitous line of argument, Ulrich issued the fiat that the 
age of the Normanskill could not possibly be Trentonian, but actually was 
Chazyan! Subsequent work has shown that the unit in Tennessee correlated 
with the Chazyan actually is of post-Chazyan age (Cooper and Cooper, 1946,
p. 60-62).
In the face of this dogmatic assertion by Ulrich, Ruedemann abandoned 
his original assignment of the Normanskill to the late Trentonian, and 
quoted Ulrich to the effect that the Normanskill is Chazyan. It is 
curious twist of fate that so much of Ruedemann1s career, especially his 
mapping, thus proved to have been a living lie. We can only wonder what 
private thoughts must have gone through Ruedemann's head each time he 
was forced to "knuckle under11 in print to Ulrich by reciting that the age 
of the Normanskill is Chazyan. Perhaps Ruedemann soothed his own conscience 
by his persistent declaimers that the Normanskill might be as young as 
"Black River." How much farther along we would be if Ruedemann had been 
a more combative soul who could have stood up on his hind legs on this 
question and could have told E. 0. Ulrich to go right straight to hell 
and could have made it stick1.
As a result of a later sorting out of the graptolite faunas (Berry,
1960, 1962, 1963), it is now clear that Ruedemannfs original age assign­
ment of the Normanskill to the late Trentonian is correct and that in many 
localities the Normanskill Formation unconformably overlies carbonate 
rocks of early Trentonian and older ages. As long as the Normanskill 
was assigned to the Chazyan, however, it was necessary to infer a thrust 
at any contact where the Normanskill Formation occurred above carbonate 
rocks of post-Chazyan age. Because Ruedemann almost invariably showed 
a thrust at the western boudary of the Normanskill Formation, his mapping 
now becomes suspect and these contacts all require restudy.
Rondout Formation, Uhiteport Member. Between Kingston and Catskill 
various units of sandstone, dolostone, and limestone of Late Silurian age 
and never reaching more than a few meters in thickness, occur between the 
base of the Thacher Member of the Manlius Formation and the surface of 
unconformity cutting the Austin Glen beds. In Austin Glen the only strata 
present above the Austin Glen and beneath the Thacher are about 1.5m of 
prominently cleaved, silty, buff-weathering dolostone. Following Rickard 
(1962) this silty dolostone is assigned to the Uhiteport Member of the
PvOndout Formation.
Manlius Formation, Thacher Member. The distinctive "ribboned" lime - 
stones, stromatoporoid biostromes, and minor tine -grained dolostones tnat 
overlie the Rondout beds were previously assigned simply to the Manlius 
Limestone and considered to be of late Silurian age. As a result of Richard s 
(1962) study, these carbonate rocks are now assigned to the Thacher Member 
of the Manlius Formation and are considered to be of early Devonian age.
The base of the Devonian System, therefore, has been shifted downward from 
the top of the strata formerly designated as "Manlius" to the base of these 
strata. Why this boundary should be at the base of a particular formation 
and not somewhere within it has never been souarely faced; instead the
I
convenience is continued of supposing that any "well-behaved" systemic 
boundary "naturally" will occur at a plane where the lithologic character­
istics change. In Austin Glen the Thacher is 51 feet thick (Rickard, 1962,
p. 133).
Coeymans Formation, Ravena Member. In contrast with the Thacher strata, 
the overlying 14 feet of beds consist of medium-to coarse-grained, non­
laminated, gray calcarenites that are characterized by numerous individuals 
of the pentamerid brachiopod Gypidula coeynanensis Schuchert. These gray 
calcarenites, formerly simply the Coeymans, are now assigned to the Ravena 
Member of the Coeymans Formation (Rickard, 1962). As is explained under 
the section on Sedimentology, the Thacher beds form the basal unit of a 
tripartite cyclic succession, of which two are present in the Lower Devonian 
beds. The cycles, from base upward are: (1) Ravena-Kalkberg-New Scotland;
and (2) Becraft-Alsen-Port Swen.
Kalkberg Formation. The Kalkberg Formation, 54 feet thick in its
type locality, Austin Glen (according to the revised boundary of Rickard, 
1962), is recognized by its fossils, chert, and silt content. The base 
of the formation is dra\m at the lowest continuous chert layer. For the 
purposes of detailed mapping and geologic analysis of numerous borings,
Dunn and Rickard (1961) found it convenient to adopt a twofold member 
subdivision of the Kalkberg Formation with each member having lower and 
upper divisions. Accordingly they proposed the Hannacroix Member, below 
(containing chert ana about 25 per cent SiCg in chemical analyses), and 
the Bronks Lake Member, above (lacking chert and containing more than 50 
per cent Si02 an<i several per cent of AI2O3 in analyses). The character­
istic brachiopod of the Kalkberg interval is the dalmanellid genus 
Dicoelosia (formerly Dilobites).
New Scotland Formation. The top of the lower cycle of carbonate rocks 
is formed by the shaly weathering calcareous siltstones characterized by 
numerous brachiopods, of which Macropleura macropleura (Conrad) is most 
conspicuous. Small amounts of chert are present in the New Scotland 
Formation, but by comparison with the underlying Kalkberg, the New Scotland 
is not prominently cherty. The New Scotland is here used in the sense of 
Rickard, who has slightly altered the usage of Chadwick (1908) and earlier 
workers. The section of ncafly vertical strata in the bed of Catskill 
Creek in Austin Glen is 98 feet thick (Rickard, 1962, p. 87; 132). This 
section looks to be undisturbed, but the presence of numerous' bedding 
thrusts in the New Scotland Formation a short distance to the northeast 
suggests that the undisturbed appearance may be deceptive. The New Scot­
land beds are profusely fossiliferous but in Austin Glen specimen-collect­
ing is nearly impossible (and probably also illegal, without a permit, 
according to New York State law). The original Calcite of the fossils 
has been dissolved away, leaving exquisite impressions of the hard parts.
The rock breaks so irregularly that it is not generally possible to remove 
these impressions. The recommended approach is to bring plasticene or 
liquid latex to the exposures and to collect replicas of the original
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skeletal materials. Presumably if the natural impressions are not damaged 
no permit is required for making such replicas,
Becraft Limestone. The base of the second cycle of carbonate rocks 
begins with a very coarse-grained, gray to pinkish, massive calcarenite 
characterized by abundant crescent-shaped (in section) remains of the 
crinoid Aspidocrinus scutelliformis Hall. This is the Becraft Limestone.
The distinctive crinoid fragments are particularly abundant near the base 
of the Becraft, where the limestone beds are separated by greenish shale 
partings. Higher up the shale partings are not present, a little chert 
occurs, and the pentamerid brachiopod Gypidula pseudogaleata (Hall) be­
comes abundant. Rickard (1962, p. 89; 132) reported 48 feet of Becraft 
in Austin Glen, but near the natural dam, where the strata dip 84° I 
have measured 63 feet. With bedding thrusts a distinct possibility, 
neither of these figures may represent the true thickness.
Alsen Formation. Gradationally overlying the Becraft is a unit, the 
Alsen Formation, which mimics the Kalkberg. The Alsen is finer grained 
than the Becraft and contains chert and much silt. In isolated exposures 
where the succession is uncertain, fossils are the only sure means of 
distinguishing the Alsen from the Kalkberg. The brachiopod Nucleospira 
concinna (Hall) and the bryozoan Honotrypa tabulate occur in the Alsen 
but are unknown in the Kalkberg (Rickard, 1962, p. 90). In Austin Glen 
Rickard (1962, p. 132) reported 32 feet of Alsen; my own measurement
suggests 55 feet.
Port Ewen Formation. The counterpart of the New Scotland in the 
upper cyclic sequence is the Port Ewen Formation, which Rickard (1962, 
p. 132) found to be 6 to 7 feet thick in Austin Glen.
Glenerie Formation. Just at the point in Catskill Creek where the
e:q)osures become discontinuous is the place in the succession where the
Glenerie Formation should occur. The Glenerie contains interbedded layers
of chert, shale, and siliceous carbonate rocks; its thickness is about 
20 feet in a roadcut exposure southwest of Catskill on N. Y. 23A just 
east of the Thruway, where the cuts give the impression that construction 
on an exit road was commenced but tha an exit here was later cancelled, 
so that the project was abandoned,
Esopus Formation. After encountering all the formations whose thick­
nesses are measured in a few tens of feet it is something of a drastic 
change to come upon the Esopus Formation, which consists of 200 to 250 
feet of massive, much-cleaved, dark gray to black, noncalcareous siltstone. . 
Brachiopods are sparse in the Esopus, thus probably explaining in part why 
it has not been subdivided in the past. But hope should not be abandoned; 
Boucot (1959) has described a distinctive Esopus brachiopod fauna from 
Highland Mills, N. Y. The Esopus forms the steep bluff on the northwest 
side of Catskill Creek, where the creek flows along strike between the 
southeast end of Leeds Gorge and the northwest end of Austin Glen.
%
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Schoharie Formation. The Schoharie Formation is a transitional unit 
between the noncalcareous Esopus below and the Onondaga Limestone above.
On the basis of the proportion of mudstone and interbedded limestones 
it is possible to recognize three members, from base upward Carlisle Center, 
Aquetuck, and Saugerties (Johnsen, 1959; Johnsen and Southard, 1962). 
Yellowish-brown weathering is a fairly distinctive feature of much of the 
Schoharie Formation. Other materials present are quartz sand, glauconite, 
and black, siliceous limestone that weathers black to reddish purple. In 
the Leeds Gorge section the Schoharie Formation is 69 feet thick (Table 1).
Onondaga Formation. The conspicuously cherty limestones containing 
abundant corals and other fossils that overlie the Schoharie Formation 
belong to the Onondaga Formation. Detailed studies permit the recognition 
of various members of the Onondaga, three of which from base upward, the 
Edgecliff, liedrow, and Moorehouse) occur in the Leeds Gorge section 
(Oliver, 1956, 1962). About 115 feet of Onondaga are present in this 
section but the topmost layers are not present. The overlying Bakoven 
Shale, Mount Marion Formation, and other higher Devonian formations will 
not be seen on this trip.
Sedimentology
Of the many aspects of the Sedimentology of the two contrasting
suites of strata to be seen t .a "Little Mountains, 11 the one to be most
•  •
emphasized here is the ^resumed effect of water depth. The character- 
istics of the Middle Ordovician Austin Glen strata are thought to have 
resulted from deposition in deep water (depths in thousand of meters) 
with depth changes and migrations of the shoreline during sedimentation 
exerting negligible effects on the sediments, by contivct the character­
istics of many of the Silurian and Devonian strata are thought to have 
originated as a result of deposition at the margin of the sea, in shallow 
water (a few tens of meters) close to sea level, with depth changes and 
migrations of the shoreline during sedimentation exerting major controls 
on the distribution of materials. For those interested in understanding 
the kinds of materials implied by the term flysch, reference is made to 
characteristics of the Austin Glen Member of the Normanskill Formation.
Characteristics of Austin. Glen strata
The Austin Glen beds to be examined at Stop 1 (Fig. 1) consist of 
nearly equal parts of siltstone and graywackes. Not only is the propor­
tion about equal, but the distribution of bed thicknesses is comparable. 
The thickness of siltstone layers ranges from a fraction of a centimeter 
up to the class limited by 64 and 128 cm; the median falls within the 
8 to 16cm class. The graywackes range up to the class limited by 128 and 
256 centimeters, with a median in the 8 to 16cm class.
Sedimentary structures are numerous and can be employed to ascertain 
the original top direction of the strata, the direction of flow7 of the
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depositing currents, and the interactions between the moving current and 
sediment being deposited.
Geopetal criteria on display in the Austin Glen beds include grading,
truncated cross-laminae (not many of the cross- laminae present can be used
to determine tops; numerous examples are present in which sediment fallout
accompanied current flow 
thev migrated downcurrent sole
andmarkings (not very abundant in the sections to be seen on this trip;, 
a feature not previously dignified by having appeared in the literature 
but which I have found useful and have dubbed "glazed bottoms." Glazed 
bottoms accompany normal upward grading and seem to have resulted from the 
acquisition, by the coarse particles in the base of the bed, of a veneer of 
fine particles from below. The light reflecting from the fine particles ere, 
a sheen resembling glazed' pottery. Glazed bottoms accompany the well- 
developed parting that occurs at the base of a graded bed, in contrast with 
the indistinct parting at the top where gradation exists into the over- 
lying siltstone. Even where distinct partings occur at both top and 
bottom, I have found "glazing" only on the bottom surface, hence the name.
The paleocurrents responsible for the Austin Glen graywackes near 
Catskill flowed from chiefly W to E and from HW to SE; a few flowed from 
SE to NW. How these directions can be rationalized with the regional 
paleogeography of Mid-Ordovician time in the Hudson Valley is not yet 
understood. Reconnaissance paleocurrent studies have been made both to 
the north (Middleton, 1965) and to the south {McBride, 1962), but these 
measurements lack a detailed stratigraphic base. Presumably off to the 
west' most of North America was submerged by the Trenton sea in which 
carbonate sediment was accumulating. The regional submarine slopes were• 
to the east. Yet during Normanskill time, a monumental slope reversal 
must have occurred for into the Normanskill sea from the east came a-sliding 
the vast body of Taconic strata, which originally accumulated yet farther 
eastward (see summary in Bird, in press).
Paleocurrent indicators in Austin Glen itself include an extra­
ordinarily large mold of a flute (60cm long, 30cm wide, and 8cm deep) 
exposed on one of the thick beds by the old millrace, and large-scale 
cross-strata (Fig. 2). These large-scale cross*strata, first noticed 
by Schuchert and Longwell (1932, p. 316), are fine examples of the concave- 
up variety that is truncated at the top and tangential at the-base. They 
are distinctly anomalous among these graded beds. They occur at the top
of a bed graded that is 4m thick and fill a depression 0.5m deep that is 
exposed for 2.7m in the direction parallel to current flow (here straight 
up the dip, or from NU to SE). At extreme low water an even larger 
depression cut into the top of this bed is exposed. This larger depression 
is 15m wide, 0.7m deep; in it the dip of the cross-strata parallels the 
sides of the depression.
exposed ("flame
structures" of authors) that clearly demonstrate that the current was not
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Fig. 2. Large-scale cross-strata filling shallow channel cut in top 
of a thick graded bed in Austin Glen Member of the Normanskill Forma­
tion, northeast side of Catskill Creek, Austin Glen, on northwest limb 
of tight anticline, at old millrace. Direction of paleocurrent flow 
was directly up the dip, or from NW to SE. Such large-scale cross­
strata are rare in sequences of graded beds such as the Austin Glen 
Member. The origin of the currents responsible for scouring the 
channel and for filling it with coarse, cross-stratified sand is not
known. (Photo by J. E. Sanders, April, 1959.)
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only bringing along the graded sediment but simultaneously was dragging 
up wisplilce structures composed of the underlying material. The wisps 
were supported by the sediment being deposited around them.
Other features of interest in the Austin Glen Member include two 
sandstone dikes., exposed along Catskill Creek bank several hundred meters 
downstream of the point where the path down from Austin Acres intersects 
the abandoned railway grade.
No attempt is here made to cite the voluminous literature that exists 
on the kinds of strata exemplified by the Austin Glen Member. A few of 
the published studies of the Austin Glen rocks however, have been included 
(Middleton, 1962, 1965; Weber and Middleton, 1561).
Although a few dissenters may still exist, the preponderance of 
geologic thinking today is that the modern counterparts of the Austin 
Glen Member are to be found in the abyssal plains that carpet the floors 
of the oceans. More particularly the abyssal plains of today that would 
exemplify the conditions that can be reconstructed as having prevailed 
during Ordovician time are located within a few of the great marginal
t r e n d i e s .
Characteristics of Silurian-Devonian strata
In contrast with the noncalcareous, graptolite-bearing Austin 
Glen terrigenous strata, the Silurian and Devonian Formations typically 
are calcareous and contain faunas consisting chiefly of brachiopods, 
bryozoa, and corals. Facies studies, principally by Oliver, Rickard, 
and Laporte, have emphasized the concent that the variations encountered 
in a vertical stratigraphic succession are a reflection of the lateral 
distribution of sedimentary environments which prevailed at time of 
deposition. This important re-affirmation of the principle known as 
Walther's Law is based on careful analyses of both the faunas and the 
physical characteristics of the strata. The variations occur both on 
a large scale among formational units and on a small scale within forma­
tions .
Large-scale variations. The cyclic arrangement of the two groups 
of three Helderbergian formations (Coeymans, Kalkberg, New Scotland, and 
Becraft, Alcen, Port Bwen) has been noticed by numerous observers.
Rickard (1962) adopted the explanation that this cyclicity resulted from 
variations in water depth during the Helderbergian submergence. He 
suggested that in the Helderbergian sea three nearshore facies belts had 
been present. From the shore outward he named these Neritic A, Neritic B, 
and Neritic C. In the A belt coarse-grained carbonate sands accumulated. 
Inese passed seaward into muddy and silty carbonate sands of belt B. 
Finally, in belt C the sea floor was composed of silts and muds. As 
submergence and progradation occurred, these belts shifted back and forth 
across the Hudson Valley, leaving behind different sediments. A gradual
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deepening would result in successive deposition, at a single point, of 
facies A then facies B and finally facies C. These would overlie one 
another in a fixed sequence, from bottom upward A, B, C. Two such cycles 
of gradual deepening appear to be represented by the Coeymans (A),
Kalkberg (B), New Scotland (C) and Becraft (A), Alsen (B), and Port Ewen (C) 
cyclic successions. If this interpretation is correct, as seems probable, 
then we must infer that a marked shoaling occurred at the contact of the 
New Scotland with the Becraft.
Applying this same line of thought to the Glenerie-Esopus-Schoharie- 
Onondaga succession, we conclude that the deepening implied by the Port 
Ewen strata continued, and probably reached its maximum at the time the 
Esopus was deposited. The Schoharie evidently resulted from a gradual 
shoaling; its bathymetric affinities are with the New Scotland and Port 
Ewen. The Onondaga evidently records a return to shoal-water conditions, 
but with an important change from the conditions of the Coeymans and 
Becraft: coral biohems were abundant.
It may seem paradoxical that the strata deposited in supposedly 
deepest water contain the most numerous stratigraphic hiatuses. I see 
nothing unusual in this relationship provided one will admit the possi­
bility that for various reasons and for various lengths of time on the 
sea floor, little or no sediment may accumulate in a given area. Host 
of the discontinuities in the succession that have been described are 
characterized by zones containing glauconite or phosphatic material (for 
example, Goldring and Flower, 1942). Accordingly, I infer that these 
gaps resulted from submarine conditions and did not involve subaerial 
exposure, a condition commonly implied by the use of the term "uncon­
formity n to describe the stratigraphic relationships.
Small-scale variations. The Helderbergian cyclic changes, just 
described, from coarse calcarenites to fine mudstones, must have involved 
variations in water depth of perhaps tens of meters. The sediments 
involved do not imply any unusual salinities nor proximity to coral 
bioherms. By contrast, some of the small-scale variations displayed in 
the Manlius and Onondaga formations suggest depth variations of only a 
few meters and do involve higher-than-normal salinity (at least of the 
interstitial waters) and the presence of coral bioherms. In his close 
study of the Manlius Formation Laporte (1954a, 1964b, 1967; also Rickard, 
Oliver, and Laporte, 1963)has found indications that deposition was 
controlled by proximity to sea level under climatic conditions that were 
warm and dry enough to cause evaporation of sea-marginal interstitial 
waters and thus to elevate the salinities of these waters to the point 
where dolomite would precipitate. By analogy with modern carbonate 
depositional provinces Laporte has recognized three sea-marginal facies:
(1) supratidal, (2) intertidal, and (3) subtidal. In the supratidal 
environments were deposited laminated dolomitic mudstones that commonly 
display mudcracks and "birdseyes" and that contain rare fossils. These 
include algal mats, ostracods, and burrow structures. Examples occur 
in the middle and upper Thacker Member.
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only bringing along the graded sediment but simultaneously was dragging 
up wisplilce structures composed of the underlying material. The wisps 
were supported by the sediment being deposited around them.
Other features of interest in the Austin GJ.cn Member include two 
sandstone dikes, exposed along Catskill Creek bank several hundred meter 
downstream of the point where the path down from Austin Acres intersects 
the abandoned railway grade.
No attempt is here made to cite the voluminous literature that exists 
on the kinds of strata exemplified by the Austin Glen Member. A few of 
the published studies of the Austin Glen rocks however, have been included 
(Middleton, 1962, 1S65; Weber and Middleton, 1561).
Although a few dissenters may still exist, the preponderance of 
geologic thinking today is that the modern counterparts of the Austin 
Glen Member are to be found in the abyssal plains that carpet the floors 
of the oceans. More particularly the abyssal plains of today that would 
exemplify the conditions that can be reconstructed as having prevailed 
during Ordovician time arc located within a few of the great marginal
trenches.
Characteristics of Silurian-Devonian strata
In contrast with the noncalcareous, graptolite-bearing Austin 
Glen terrigenous strata, the Silurian and Devonian Formations typically 
are calcareous and contain faunas consisting chiefly of brachiopods, 
bryozoa, and corals. Facies studies, principally by Oliver, Rickard,
and Laporte, have emphasized the concent that the variations encountered 
in a vertical stratigraphic succession are a reflection of the lateral 
distribution of sedimentary environments which prevailed at time of 
deposition. This important re-affirmation of the principle known as 
Walther's Law is based on careful analyses of both the faunas and the 
physical characteristics of the strata. The variations occur both on 
a large scale among formational units and on a small scale within forma­
tions .
Large-scale variations. The cyclic arrangement of the two groups 
of three Helderbergian formations (Coeymans, Kalkberg, New Scotland, and 
Decraft, Alsen, Port Ewen) has been noticed by numerous observers.
Rickard (1562) adopted the explanation that this cyclicity resulted from 
variations in water doptn during the Helderbergian submergence. He 
suggested that in the Helderbergian sea three nearshore facies belts had 
been present. From the chore outward he named these Keritic A, Heritic B, 
and Heritic C. In the A belt coarse-grained carbonate sands accumulated. 
Tnese passed seaward into muddy and silty carbonate sands of belt B. 
Finally, in belt C the sea floor was composed of silts and muds. As 
submergence and progradation occurred, these belts shifted back and forth 
across the Hudson Valley, leaving behind different sediments. A gradual
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deepening would result in successive deposition, at a single point, of 
facies A then facies B and finally facies C. These would overlie one 
another in a fixed sequence, from bottom upward A, B, C. Two such cycles 
of gradual deepening appear to be represented by the Coeymans (A),
Kalkberg (B), New Scotland (C) and Becraft (A), Alsen (B), and Port Ewen (C) 
cyclic successions. If this interpretation is correct, as seems probable, 
then we must infer that a marked shoaling occurred at the contact of the 
New Scotland with the Becraft.
Applying this same line of thought to the Glenerie-Esopus-Schoharie- 
Onondaga succession, we conclude that the deepening implied by the Port 
Ewen strata continued, and probably reached its maximum at the time the 
Esopus was deposited. The Schoharie evidently resulted from a gradual 
shoaling; its bathymetric affinities are with the New Scotland and Port 
Ewen. The Onondaga evidently records a return to shoal-water conditions, 
but with an important change from the conditions of the Coeymans and 
Becraft: coral biohems were abundant.
It may seem paradoxical that the strata deposited in supposedly 
deepest water contain the most numerous stratigraphic hiatuses. I see 
nothing unusual in this relationship provided one will admit the possi­
bility that for various reasons and for various lengths of time on the 
sea floor, little or no sediment may accumulate in a given area. Most 
of the discontinuities in the succession that have been described are 
characterized by zones containing glauconite or phosphatic material (for 
example, Goldring and Flower, 1S42). Accordingly, I infer that these 
gaps resulted from submarine conditions and did not involve subaerial 
exposure, a condition commonly implied by the use of the term "uncon­
formity” to describe the stratigraphic relationships.
Small-scale variations. The Helderbergian cyclic changes, just 
described, from coarse calcarenites to fine mudstones, must have involved 
variations in water depth of perhaps tens of meters. The sediments 
involved do not imply any unusual salinities nor proximity to coral 
bioherms. By contrast, some of the small-scale variations displayed in 
the Manlius and Onondaga formations suggest depth variations of only a 
few meters and do involve nigher-than-normal salinity (at least of the 
interstitial waters) and the presence of coral bioherms. In his close 
study of the Manlius Formation Laporte (1954a, 1964b, 1967; also Rickard, 
Oliver, and Laporte, 1963)has found indications that deposition was 
controlled by proximity to sea level under climatic conditions that were 
warm and dry enough to cause evaporation o f ‘sea-marginal interstitial 
waters and thus to elevate the salinities of these waters to the point 
where dolomite would precipitate. By analogy with modern carbonate 
depositional provinces Laporte has recognized three sea-marginal facies:
(1) supratidal, (2) intertidal, and (3) subtidal. In the supratidal 
environments were deposited laminated dolomitic mudstones that commonly
display mudcracks and "birdseyes" and that contain rare fossils. These
%
include algal mats, ostracods, and burrow structures. Examples occur 
in the middle and upper Thacher Member.
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Intertidal environments were sites wherein collected pellets, large 
particles of lime mud; the resulting products were ‘'ribboned" limestones 
and limestone-pebble conglomerates. A few kinds of fossils occur in 
these strata, each kind being represented by enormous numbers of indivi­
duals. Examples are ostracods, tentaculites, brachiopods, algal stromato­
lites, and oncolites. Products of intertidal environments occur in the 
lower Thacher Member.
In the subtidal environments were found pellets and carbonate skeletal 
remains, including biostromes. Abundant fossils include stromatoporoids, 
corals, codiacean algae, brachiopods, ostracods, and gastropods. Examples 
occur in the middle and upper Thacher. Laporte (1967) inferred that these 
sea-marginal sediments of the Manlius Formation accumulated in a lagoon 
that was protected from the open sea by a barrier consisting of carbonate 
skeletal material that eventually formed the Coeymans Limestone.
Oliver's (1956, 196), 1963; also Rickard, Oliver, and Laporte, 1963) 
study of the Onondaga Formation reached the conclusion that the several 
members had been deposited under varying conditions of water depth and 
proximity to coral bioherms. The proportions of various kinds of skeletal 
material varied systematically with environment; as the environmental 
boundaries shifted the kinds of sediment accumulated changed. Accordingly 
the subdivisions of the Onondaga Formation are based on variations in the 
proportions of skeletal debris, chiefly from corals,• brachiopods, and 
cchinoderms. An additional variation has been introduced subsequently; 
chert has formed.
In addition to these sediment©logic and ecologic analyses, the 
Silurian and Devonian strata have been scrutinised chemically and mineral­
ogically. Published reports include Dunn and Rickard (1961), Fenner and 
Ilagner (1967), Fessenden (1960), and Lindholm, (1969); in addition there 
have been at least 4 doctoral dissertations completed that have not yet 
been published (see list at end of references).
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GEOLOGIC STRUCTURE
The structural features of the area include folds, various kinds 
of faults, regional joint systems unrelated to local structural features, 
calcite-filled fractures related to local structural features, and cleavage. 
The ensuing discussion of regional joints and cleavage is based largely 
on the unpublished detailed study by Babcock (1966ms), Following the 
description of the structures is a discussion of the age of the deforma­
tion. The major structural features are shown on a tectonic nap (Fig. 3).
Folds
Despite its narrow width of 2km near Catskill Creel^ the "Little 
Mountains" fold belt displays two contrasting longitudinal parts that 
are separated by the persistent Leeds anticline (Babcock, 1966ms1 whose 
northwest limb locally has been broken by a thrust fault (Fig. 4}. The 
eastern part contains generally older formations (typically Becraft Lime- 
staone and older units); in it the anticlines are narrow whereas the 
synclines are broad and flat-bottomed. This configuration strongly suggests 
that the folds are related to places where bedding thrusts cut diagonally 
across the strata from one slip surface to another (Rich, 1934).
By contrast, the western part of the fold belt contains younger 
strata (a common surface unit is the Onondaga Limestone), and its folds 
included broad, open anticlines and narrow, tight synclines.
Whether this subdivision, apparent near Catskill Creek, persists 
throughout the "Little Mountains" remains to be determined. At any rate, 
in the trip area it is a reality and as a result, the Ordovician strata 
lie much closer to the surface in the eastern part of the fold tract.
Typical projected depths to the Ordovician in the eastern part (Ignoring 
possible bedding thrusts) lie in the range of 30 to 150m whereas in the 
western part typical projections range from 210 to 300m.
The cross sections of Fig. 4 do not attempt to portray the bedding 
thrusts. The scale of these sections (1:24,000) is much too small for 
this purpose. In order to display the bedding thrusts it is likely that 
both maps and sections would have to be on a scale of the order of 1:2400, 
or 10 times that of Fig.. 4. s
Faults
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Fig. 4. Profiles and sections through "Little Mountains” near 
Catskill Creek, northwest of Catskill, II. Y. AA 1 on Leeds 
7 1/2-minute quadrangle (after Babcock, 1966ms). BB1 on 
Cementon 7 1/2-minute quadrangle. Capital T marks location 
of Thruway. Dashed lines, Austin Glen Member; Stippled,
Rondout through Hew Scotland; white, Becraft through Schoharie 
rectangles with black dots, Onondaga Formation; black, Bakoven 




Within the area are examples of thrusts associated with broken 
folds and of bedding thrusts. Possibly this distinction is an artifi­
cial one and is not genetically significant; but in considering the 
geometric relationships between displaced strata and the fault surfaces, 
it is a useful subdivision to make.
Thrusts associated with broken folds.. Thrusts associated with 
broken, folds repeat the stratigraphic succession by bringing together 
from adjacent folds, limbs or axial parts that were not originally 
contiguous. The duplications of the strata occur at the expense of 
cutting out parts or all of the broken limbs of the fold(s). Geo­
metrically, thrusts associated with broken folds and the strata they 
displace show various configurations, depending on where the limb of 
the fold broke and on the amount of displacement. On both upper and 
lower fault blocks the thrust may parallel the strata or cut across 
the strata at various angles. The thrust surface may become folded 
or even overturned, either before or after the overturning of any 
associated overturned strata. Overturned strata from the limb of an 
overturned fold can be thrust against right-side up strata of the normal
limb
Ordinarily, thrusts associated with broken folds are easily recog­
nized because the thrusts displace features that result from folding, 
such as cleavage and bent strata. Also, thrusts may pass laterally into 
nonbroken fold limbs. In some cases, however, the ultimate arrangement 
of thrusts associated with broken folds conceals the folds. An example 
is the series of monoclinal faulted slices of repeated, right-side-up 
belts of strata found in the Appalachian Valley in northeast Tennessee,
so vividly described by Bailey Willis (1893, p. 226-228).
Nearly all previous investigators have assigned all the thrusts of 
the "Little Mountains" to the category of thrusts associated with broken 
folds (van Ingen and Clark, 1903; Dunn and Rickard, 1961; Babcock, 1966ms, 
for example). Clearly many of the thrusts in the "Little Mountains" are 
indeed of this kind; some pass laterally into nonbroken folds (Babcock, 
1966ms) and others display the various characteristic geometries showing 
how the thrust broke across some part of a fold (Chadwick, 1910).
Bedding thrusts. By contrast with thrusts associated with broken 
folds, bedding thrusts display rather limited geometric relationships 
with displaced strata. Characteristically bedding thrusts initially cut 
across strata before the strata become folded, hence without regard to 
folds. As a matter of fact, by their very displacement bedding thrusts 
give rise to distinctive folds (Rich, 1934). Of course, the limbs of such 
folds may break and give rise to still other thrusts (Gwinn, 1964). The 
characteristic feature of bedding thrusts, as brilliantly diagnosed by 
J. L. Rich (1934), is that the strata on the lower block, which may be
everywhere flatlying, parallel the thrust except where the thrust 
surface cuts across the strata in changing from one slipping level 
parallel to bedding to another, stratigraphically higher slipping 
level parallel to bedding. At such places of cutting across, both the 
thrust itself and the strata on the upper block are not parallel to 
the strata on the lower block. Instead the strata on the upper block 
are parallel to the thrust surface. On the upper block, however, at 
all points forward of the place where the thrust changes from a locus 
of cutting across to a position parallel to the bedding, hence above 
places where the thrust parallels the strata on the lower block, the 
strata are inclined toward the thrust surface and terminate against 
this surface.
A characteristic geometric relationship of bedding thrusts is 
that they duplicate only parts of the stratigraphic succession and 
elsewhere, because they involve only slippage along bedding surfaces 
and create little or no change in stratigraphic thickness, they tend 
to remain obscured. The extent of duplication serves as a measure of 
displacement on the thrust; strata are repeated only in those zones 
between the intersection of thrust and strata on the lower block and 
the termination of the strata of the upper block against the thrust. 
Although some bedding thrusts originate in horizontal strata and large 
parts of such thrust surfaces may remain horizontal even after displace­
ment, other bedding thrusts become folded (Figs. 5,6) and overturned after 
displacement.
The "folds" created by displacement on a bedding thrust simply die 
out in the direction where the amount of displacement decreases.
Bedding thrusts nay duplicate strata through long distances with­
out displaying any visible geometric relationship of a thrust cutting
across beds.
The common occurrence of bedding thrusts in the "Little Mountains" 
has not been recognized previously. Although the details remain to be 
worked out, I am convinced that many of the geometric relationships 
between strata and thrusts in the "Little Mountains," previously attribu 
ted to the effects of thrusts originating from broken folds, will prove 
to be products of the folding of bedding thrusts.
Normal faults
normal faults, that
•  m m  ^  m  ^
generally parallel the structural trend and cut across all other struc­
tural features. The normal faults in the folded belt have not been much 
discussed, although Goldring (1943, p. 303) suggested that in the 
Coxsackie quadrangle most faults are "of the normal type." Chadwick 
(1917) proposed that a genetic connection exists between the thrusts in 
the Ordovician strata and the later normal faults, but this idea has not 
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In Leeds Gorge are exposed a few reverse faults of small displace­
ment (Babcock, 1966ms, fig. 8). Generally no distinction can be made 
between reverse faults and steep-dipping thrusts associated with the
limbs of folds.
Strike-slip faults
Goldring (1943, p. 304) found small faults with two trends; NE-SW 
and NW-SE which she characterized as being cross-faults. Likewise 
Babcock (1966ms) mapped a small NW-SE-trending fault in Leeds Gorge, 
against which a thrust stops. Both of these are here considered to be 
small strike-slip faults. In describing these faults as of the strike- 
slip variety the writer does not wish to convey to the reader visions 
of grandeur on the scale of the San Andreas fault of California. Per­
haps tear-fault would be the best term; however I prefer strike-slip 
because of its connotations with respect to the displacement of vertical 
reference surfaces.
I suggest that a small strike-slip fault trending N25W passes through 
Austin Glen. I have shown such a fault with dashed lines and question 
marks on the tectonic map (Fig. 3). This is based on what appears to be 
the offsetting of vertical-axis folds. The isoclinal, upright anticline 
in the Austin Glen beds at the old millrace extends across Catskill Creek 
without displacement, as indicated by the continuity of the riffle-making 
ledges. However, farther down the strike to*the southwest rises the 
synclinal ridge bringing down the Lower Devonian carbonate rocks. I 
suggest that this synclinal ridge is the offset part of the synclinal 
structure that is passed in entering Austin Glen from Jefferson Heights 
(via Austin Acres and the old footpath by the spring). If so, then the 
continuation of the millrace isoclinal anticline would be found just 
northwest of this synclinal ridge; it would have to be the anticline ex­
posed just southeast of the Thruway Bridge. The Thruway Bridge anticline 
clearly is continuous across Catskill- Creek and beyond to the southwest 
but its extension northeastward is not suggested by the topography. If 
this anticline by the Thruway Bridge is the same structure as the anti­
cline at the old millrace, then thp small strike-slip fault that offsets 
the axis must cross Catskill Creek in the covered interval where no 
exposures are present. If the structure is as I suggest, then the strike- 
slip offset has been 0.3km in a right-lateral sense. The detailed geologic
mapping to test the validity of this structural interpretation has not been
done at the tine of writing of this guidebook.
Regional joint systems unrelated to local structural features
Babcock' (1966ms) showed that in the ''Little Mountains" near Leeds 
4 sets of regional vertical joints are present and that these joints not 
only are unrelated to the folds but also originated prior to folding. The
19-25
average strikes of these 4 sets of joints are: N 12°E, N 82°W, N 37°E,
and N 69°W. These sets of joints display practically the same orienta­
tion as the sets of regional joints measured on the Allegheny Plateau 
by Parker (1942). Just as in the "Little Mountains, 11 the regional 
joints in the Allegheny Plateau are unrelated to and originated earlier 
than the folds.
Calcite-filled fractures related to local
structural features
Many calcite-filled fractures occur near and along faults (Figs.
5 and 6). Many of these fractures are characteristic en echelon "gash11 
fractures that occur perpendicular to the direction of maximum tensile 
stress in zones where shearing movements were concentrated. These 
calcite-filled fractures show various orientations and all clearly origi­
nated during the folding and faulting of the strata.
Cleavage
Babcock1s observations demonstrate that the pronounced cleavage, 
so conspicuous in the massive siltstones of the New Scotland, Esopus, 
and Schoharie formations, is not only a regional feature but also 
that the cleavage is closely connected with the folds. The regional 
cleavage parallels the strike of the fold axes and is inclined at the 
same average dip as that of the axial planes of the folds. North of 
the valley of Catskill Creek Babcock (1966ns) found that the average 
strike of the regional cleavage is N 18°E and its average dip is 82°E.
In the valley of Catskill Creek the average strike of cleavage (and 
of fold trends) is N 40°E and the dip of the cleavage varies because 
on some fault blocks the cleavage has been rotated away from its 
average dip of 82°.
The regional cleavage affects not only the Silurian and Devonian 
formations, but also the Ordovician strata (Pepper, 1934). Within the 
"Little Mountain^" at least^ only one cleavage is present and its age 
is the age of the deformation of the Devonian and older strata.
In many exposures the cleavage is the most prominent parting. In
fact, when first examining an exposure of siltstone in the "Little
Mountains" one would do well to suspect that the most obvious parting 
is the cleavage.
In the south wall of Leeds Gorge, an anticline in the Esopus Forma­
tion is exposed in complete transverse section. At this place the rela­
tionship between axial-plane cleavage and the strata of the fold is well 
displayed.
Little or no metamorphism has occurred along cleavage surfaces near
Catskill Creek. However Babcock (1966ms, p. 35) reports that 1500 feet east
of Limestreet is an exposure of intensely deformed New Scotland Formation 
where a phyllite has been created.
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Age of deformation
The f,Little Mountains11 were first celebrated not only as small-scale 
extensions from Pennsylvania into New York of the Appalachian Valley and 
Ridge Province, but also as examples of structures formed within the 
Appalachian orogeny late in the Paleozoic (W. Davis, 1882, 1883; van 
Ingen and Clark, 1903; Ruedemann, 1942). Because of the structural 
similarities between the f,Little Mountains" and the full-scale Valley 
and Ridge Province, nearly all early workers favored a late Paleozoic 
date for the final deformation in the Hudson Valley. However, the local 
stratigraphic evidence on this date is ambiguous and not subject to a 
unique interpretation. No new data have yet changed the long-standing 
fact that the youngest deformed strata in the "Little Mountains" are of 
medial Devonian age. Therefore (as emphasized by Schuchert and Longwell,
1932, p. 323; Chadwick and Kay, 1933, p. 7; Rodgers, 1967b, p. 416; and 
others) the final deformation in the Hudson Valley could have occurred 
any time after the middle of the Devonian Period.
Earlier workers tended to emphasize the majesty and grandeur of the 
effects of the Appalachian orogeny of Late Paleozoic age, which they took 
as a monumental revolution that brought down the curtain on the Paleozoic 
Era. Although he was instrumental in fostering this concept in beginning 
students, Schuchert (1930) started to reverse this trend in the Hudson 
Valley by calling attention to the importance of the Acadian orogeny of 
Devonian age. Of late the pendulum thus set in motion has swung the other 
way. The Appalachian orogeny has come upon evil days. It has become 
fashionable to ridicule the significance of this supposedly majestic 
orogeny. Because of their small size and nearly north-south trend, and 
because their youngest deformed strata are of medial Devonian age, as noted 
above, Woodward (1957a, 1957b) has stripped the "Little Mountains" away 
from the Appalachian orogeny and has reassigned them to the Acadian. In 
his attempt to "think Acadian and help stamp out Appalachian" Woodward has 
meted out the crowning humiliation; he has suggested that the name of the 
late Paleozoic deformation in the Appalachians be changed from Appalachian 
to "Alleghanian orogeny."
I think that the evidence from the "Little Mountains" does not support 
Woodward1s line of argument; rather I think the evidence reaffirms the 
essential correctness of the W. M. Davis interpretation. The stratigraphic 
evidence is as ambiguous as ever, hence the case in defense of Davis, just 
as the case made by Woodward, rests on structural considerations that are 
not conclusive. These structural considerations are: (1) the small size
of the folds in the ,rLittle Mountains" as compared with the large size of 
the folds in the Appalachian Valley and Ridge Province in Pennsylvania;
(2) the nearly north-south trend of the fold axes in the "Little Mountains" 
as contrasted with the nearly east-west trend of the Appalachian folds in 
northeastern Pennsylvania; (3) the "style" of deformation in the "Little 
Mountains" compared with that of the Appalachian Valley and Ridge Province 
in Pennsylvania; and (4) the similarity in orientation and in relationship 
to folds of regional joint systems in both areas.
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Size of folds
The difference in size between the folds of the "Little Mountains"
Aand those of the Valley and Ridge Province has been variously interpreted.
Shaler (1877), Davis 0-882, 1883), and others supposed that the "Little 
Mountains" were simply miniature northward extensions of the larger Valley 
and Ridge folds. By contrast, Chadwick (in Goldring, 1943, p. 288) and 
Woodward (1957a; 1957b) have argued that the difference in size means 
difference in age.
Just what is this difference in size and what is its significance?
The largest folds in the "Little Mountains" are at least an order 
of magnitude smaller than the largest folds in the Appalachian Valley and 
Ridge Province in Pennsylvania. A typical amplitude for folds in the 
"Little Mountains" is 0.4 to 0.75 km (Babcock, 1966ms), whereas in Pennsyl­
vania it is 8 to 16 Ion (Gwinn, 1964).
The "little" folds are not distinctly set off from the "big" folds.
On the contrary, southwest of Kingston, Mew York the "little" folds become 
"big" folds. From the Shawangunk Mountains southwestward, the amplitudes 
of the folds become progressively larger. I regard it as more than coin­
cidental that this change in size of folds occurs exactly at the place 
where the Shawangunk Formation, a tough, competent sandstone and conglomer­
ate, pinches out against the surface of unconformity that truncates the 
Ordovician strata. Not only the Shawangunk, but also other Silurian forma­
tions (Schuchert, 1916; Chadwick and Kay, 1933, p. 3, fig. 3) the high
Devonian strata, and even some of the lower Devonian strata, thicken notably 
southwest along the strike of the present outcrop belt. Where thick, 
competent units are present in the succession, the folds are "big"; by 
contrast where thick, competent units are not present in the succession, 
the folds are "little". I think the matter of size of folds resolves 
itself to this stratigraphic factor. If so, then the contrast in size 
of folds between "Little Mountains" and central Pennsylvania is not an 
argument that supports different times of deformation. Rather, insofar 
as age of deformation is concerned, size of folds becomes irrelevant and 
size indicates only a contrast in thickness and competency of units de­
formed.
Trend of folds
Tectonic analysts depend to a great extent on the principle that 
individual orogenies tend to create characteristic trends of folds. In 
a given region showing two discrete trends of folds, therefore, one 
reasonably suspects that two orogenies have occurred. In suggesting that 
the "Little Mountains" were deformed in the Acadian orogeny, Woodward 
(1957a, 1957b) argued that the prevailing nearly north-south trend of the 
"Little Mountains" strikes nearly at right angles to the trend of the 
Appalachian folds, which Woodward inferred strike east-west across southern 
New York. On the basis of these supposedly discrete trends, Woodward
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argued that two orogenies had occurred. Because he regarded the east-west 
trend as "Appalachian11 (his "Alleghanian"), he supposed that the north-south 
trend must be Acadian. Some of the change of trend takes place at Kingston, 
(Rodgers, 1967a), where the folds change size.
If two such separate trends do exist, as supposed by Woodward, they 
might serve as a strong argument in favor of two orogenies. But it must 
be added, that the trends themselves still do not prove whether the orogenies 
were of Acadian, Appalachian, or Jurassic age. As far as I am concerned, 
the burden of proof still rests with those who insist that two discrete 
structural trends exist. In the Hudson Valley I have not seen any evidence 
that could not also reasonably be interpreted as merely culminations and 
depressions with axes transverse to a single main fold trend.
But suppose the east-west trend cited by Woodward is real and indicates 
a second orogeny that is younger than the north-south trend? What is the 
age of the folds with the east-west trend? In eastern Pennsylvania the 
folds involve the Paleozoic strata (whatever age their youngest member is), 
but the change of trend involves in addition the Upper Triassic Newark strata 
The age of the Paleozoic strata folded in eastern Pennsylvania sheds no more 
precise light on the age of the east-west trend there than the medial Devon­
ian age of the youngest strata deformed in the "Little Mountains" sheds on 
the age of the deformation of the north-south trend in the Hudson Valley.
I intend to argue the case more fully elsewhere, but nevertheless it is 
pertinent to add here that in eastern Pennsylvania, the Triassic strata, 
just as the Paleozoic strata, change trend from northeast-southwest to 
nearly east-west. Furthermore, where the Triassic strata change strike, 
their dips become nearly vertical, whereas these dips rarely exceed 25° 
elsewhere where the strike is more nearly northeast-southwest. I construe 
this evidence to mean that after deposition of the Newark strata, the 
entire Appalachian belt was bent, probably in the Jurassic (deBoer, 1968), 
as an orocline in the sense of Carey (1953, 1958). This zone of bending 
follows lat 40°N, a major lineament whose importance has been emphasized 
by Woodward and Drake (1963). The similarity of trend between Triassic 
and Paleozoic strata suggests an interpretation not discussed by Woodward 
and Drake. The lack of difference in trends between Paleozoic ar 
strata suggests that on the continental block the major deformati 
after Late Triassic time and prior to Late Cretaceous time. The
offsets_of features on the ocean floor as compared with those on the 
continental block may be the expression of a long-active transform fault
(Wilson, 1965)j which experienced major displacements during Cenozoic time.
%If the age of bending of the Appalachians is indeed Jurassic as 
suggested above, then the east-west trend of the folds in eastern Pennsyl­
vania does not prove an Acadian age for the north-south trend of the 
"Little Mountains" of the Hudson Valley. If two fold trends are really 
present in the sense of Woodward and if these trends indicate two orogenies, 
then these fold trends could as well be products of Appalachian and Jurassic 
orogenies as of Acadian and Appalachian orogenies. In short, the argument 
based on the supposed two fold trends, even if these two trends really do 




The question of ’’style11 of deformation is not an easy one to resol 
It becomes all the more difficult when one is dealing with superimposed 
effects of several orogenies. Furthermore, although we may agree on th 
"style” of the Appalachian orogeny, how are we to decide what was the 
"style" of the Acadian orogeny? I do not know what may have been the 
"style" of the Acadian orogeny in the Hudson Valley. I do contend that 
the "style" of the Appalachian orogeny is distinctive and furthermore 
that new evidence from the Hudson Valley supports the concept that the 
"style" of deformation in the "Little Mountains" exactly matches that 
of the diagnostic Appalachian "style". In this coincidence I see a 
substantial reason for considering the age of the deformation of the 
"Little Mountains" to be Appalachian rather than Acadian. Two aspects 
of this "style" to be discussed are: (a) the presence of bedding-plane 
thrusts, and (b) the way in which the folds die out northward and west­
ward .
(a) Bedding-plane thrusts. Nearly all tectonic philosophers 
meditating about the Appalachians have concluded that a "guide style" 
to the Appalachian Valley and Ridge structure, hence to the Appalachian 
orogeny, is what has come to be known as "thin-skinned" tectonics
(Rodgers, 1949, 1950, 1963; Gwinn, 1964). J. L. Rich's (1934) concept
of bedding-plane thrusts has proved to be an enormously powerful insight 
into the mechanics of the Appalachian Valley and Ridge Province and its 
adjacent plateaus to the northwest.
The existence of thrusts in the limestones of the "Little Mountains" 
belt has been recognized since the beginning of the present century 
(van Ingen and Clark, 1903). Various investigators have commented on 
these thrusts and have considered them to be a local phenomenon (Schuchert 
and Longwell, 1932; Chadwick and Kay, 1933; Chadwick, 1944; Dunn and 
Rickard, 1961). Some of these thrusts themselves have been folded.
In general the thrusts have not been studied seriously; at most they 
have been considered to be local breaks associated with ruptured fold 
limbs. The new roadcuts north of Austin Glen, to be visited on this 
excursion (Figs. 5 and 6) ,  suggest that these thrusts are not local, 
isolated features, but on the contrary, are classic J. L. Rich-type 
bedding thrusts that have been folded. The astonishing features of these 
folded thrusts is not so much that they are present at all, but that in 
their westernmost exposures within the "Little Mountains," they appear 
not to rise to the surface. Instead they dip westward and evidently pass
beneath the strata underlying the Catskills!
%
Generally it is not possible to determine how far these bedding 
thrusts have moved. My feeling is that the displacements are small-- 
perhaps at most a fraction of a kilometer--but the evidence is ambiguous. 
But even if their displacements are small, the faults appear to be con­
tinuous and widespread and they lend striking support to the hypothesis
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that bedding thrusts underlie the entire Catskill-Pocono-Allegheny 
Plateau complex (Rodgers, 1963; Gwinn, 1964).
However one chooses to interpret the west dip of the bedding 
thrusts of the "Little Mountains," the very presence of such thrusts 
suggests diagnostic "Appalachian" orogenic products and, granting this, 
that the age of the deformation of the "Little Mountains," is more 
probably Appalachian than it is Acadian.
(b) Dying-out of folds. The 'L ittle Mountains" remarkably parallel 
the Appalachian Valley and Ridge Province in that their folds die out 
where the Precambrian basement materials rise toward the present surface. 
The folds of the "Little Mountains" die out both northward and westward; 
the folds of the Appalachian Valley and Ridge Province die out north­
eastward. In both areas I think the cause is the same; where the rigid 
Precambrian basement stands high enough the thin covering strata were not 
folded. How high is "high enough"? The answer is not the same in the 
"Little Mountains" and in the Appalachian Valley and Ridge Province. By 
referring to the structure contours shown on the Basement Map of North 
America (Flawn, Chairman, and Kinney, Editor, 1967), one can acquire 
some idea of the inferred depth to basement at the places where the folds 
die out.
The folds of the 5lLittle Mountains" die out northward at Clarksville, 
New York (Ruedemann, 1930). At this point, an estimated 2,000m of flat- 
lying strata cap the basement. In the Little Mountains, strata lacking 
notably competent members are folded where the basement lies 3,000m deep.
At Kingston, where the competent Shawangunk Formation appears, the base­
ment lies 4,000m deep. In northeastern Pennsylvania, where the large 
Appalcnian folds die out, the depth to basement is approximately 6,000m, 
twice its depth in the "Little Mountains".
Could the configuration of the basement explain not only the dying-out' 
of the folds but also part of the change of trend?
Similarity of regional joint systems
%
In both the "Little Mountains" and in parts of the Appalachian 
Plateaus the regional joint systems are similarly oriented and antedate 
the folds. This similarity was pointed out by Babcock (1966ms), but 
Babcock accepted the interpretation that the age of the folding of 
the "Little Mountains" was Acadian, so he did not discuss the possibility 
that the joints in both areas may have originated at about the same time. 
Although any argument based on joints must be tenuous if the age of the 
joints is unknown, nevertheless the similarities between joints and folds 
in both areas might be expected if the strata of both areas were deformed
at the same time.
LOCALITY GUIDE
19-31
Proceed to Exit 21 of Gov. Thomas E. Dewey Thruway. After 
passing the toll gate turn left onto old N. Y. 23, 145 and drive 
southeast through Jefferson Heights to the junction of U. S. 9W. 
Turn N on 9VJ and then immediately right back onto N. Y. 23, 145.
Stop 1 is the roadcut on the east side of the road across the
street from several houses.
After everyone has had his fill of this exposure or 30 minutes, 
whichever comes first, return to the bus and proceed northwest on
H. Y. 23-145 to Jefferson Heights. Turn southwest (left) into the
short street marked Austin Acres. By the guard rail at the end of 
the street take the path that leads down into Austin Glen.
Persons who use this guidebook to go to Austin Glen on their 
own should request permission of the owner, Mrs. Helen Behrendt, 
telephone (513) S43-3G13. Mrs. Behrendt lives in the old Austin 
homestead, the large stone house just northwest of Austin Acres.
In the Glen be careful of fire.
No attempt has been made to prepare a stop-by-stop account of 
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